Taraxasterol is an effective component of dandelion that has anti-inflammatory effects in vivo and in vitro. The present study was performed to explore whether taraxasterol exhibits a protective effect against rheumatoid arthritis through the modulation of inflammatory responses in mice. Eight-week-old CCR9-deficient mice were injected with a collagen II monoclonal antibody cocktail to create a rheumatoid arthritis model. In the experimental group, arthritic model mice were treated with 10 mg/kg taraxasterol once per day for 5 days. Treatment with taraxasterol significantly increased the pain thresholds and reduced the clinical arthritic scores of the mice in the experimental group compared with those of the model group. Furthermore, treatment with taraxasterol significantly suppressed tumor necrosis factor-α, interleukin (IL)-1β, IL-6 and nuclear factor-κB protein expression levels compared with those in the rheumatoid arthritis model mice. Taraxasterol treatment also significantly reduced nitric oxide, prostaglandin E2 and cyclooxygenase-2 levels compared with those in the rheumatoid arthritis model group. These observations indicate that the protective effect of taraxasterol against rheumatoid arthritis is mediated via the modulation of inflammatory responses in mice.
Introduction
Rheumatoid arthritis is a type of systemic autoimmune disease, which involves symmetrical chronic inflammation of the synovial membranes, and has the following pathological characteristics: Chronic inflammation of synovial membranes, the gradual formation of pannus, cartilage and joint destruction, ankylosis and joint deformity in the advanced stage and possible muscle atrophy (1) . As a result, rheumatoid arthritis, the morbidity rate of which is 0.2-0.4%, is a major cause of productivity loss and disability, and can cause great suffering and a heavy financial burden (2) . Furthermore, rheumatoid arthritis is a systematic disease whose pathogenesis is unclear. However, rheumatoid arthritis is commonly considered to be induced by exogenous factors in addition to genetic susceptibility (3) . Therefore, as no specific medicine for this disease has yet been developed, immunosuppressive and biological agents are widely used because of their curative abilities, despite their side-effects (4) .
Dandelion is the dry grass of the Asteraceae (Compositae) family, which is used in the treatment of malignant boils, skin ulcers, acute mastitis, acute conjunctivitis, pulmonary abscess, damp-heat jaundice, heat stranguria and other inflammatory conditions, with various effects, including detoxification, detumescence, fluid removal and the induction of diuresis (5) . One of the effective components of dandelion is taraxasterol, which has a molecular structure resembling that of a steroid hormone, and has been shown to have anti-inflammatory effects in vivo and in vitro (6) . Therefore, the present study examined whether taraxasterol exhibits a protective effect against rheumatoid arthritis through the modulation of inflammatory responses in mice.
Materials and methods

Animals and rheumatoid arthritis induction.
Eight-week-old chemokine (C-C motif) receptor 9 (CCR9)-deficient male mice (n=32; weight, 20-23 g) were obtained from the Animal Resource Center of the Hebei Cangzhou Hospital of Integrated Traditional Chinese and Western Medicine (Cangzhou, China). The mice were maintained in individual cages at 21-24˚C and 55-65% humidity with a 12-h light-dark cycle (8:00-20:00). Food and water were provided ad libitum. The present study was conducted according to the National Institutes of Health Guide for the Care and Use of Laboratory Animals (2012). Mice were injected with a collagen II monoclonal antibody cocktail (Sigma-Aldrich, St. Louis, MO, USA) intraperitoneally (i.p.) at 5 mg/kg per mouse, as indicated (7) for 10 days. The mice were also injected with lipopolysaccharide (LPS; i.p., 100 µg at day 1 or day 4; Sigma-Aldrich). Following treatment with taraxasterol, blood samples were collected from retro-orbital bleeds using heparin-coated glass capillaries and stored at -80˚C prior to analysis.
Animal grouping. The mice used in the experiment were randomly distributed into four groups: Control (n=6), taraxasterol only (n=6), rheumatoid arthritis model (n=10) and rheumatoid arthritis + taraxasterol-treated (n=10) groups. Mice of the control or rheumatoid arthritis model groups were treated with 0.5% sodium tvlose (Nanjing Chemical Reagent Co., Ltd., Nanjing, China; i.p.) once per day for 5 consecutive days following the establishment of the collagen-induced rheumatoid arthritis model. The mice of the taraxasterol only and rheumatoid arthritis + taraxasterol-treated groups were treated with 10 mg/kg taraxasterol (i.p.) once per day for 5 consecutive days. The chemical structure of taraxasterol (≥98.5% purity; Sigma-Aldrich) is shown in Fig. 1 .
Measurement of pain thresholds in the rheumatoid arthritis mouse model. The mean value of the pressure pain threshold was determined before and after modeling, and after the 5-day treatment. This was measured using an electronic pressure pain detector (Somedic, Hörby, Sweden).
Measurement of clinical arthritic score in the rheumatoid arthritis mouse model. On each day of the 5-day treatment, the mice were evaluated for arthritis using a macroscopic scoring system as follows: 11-15, severe arthritis of the entire paw and digits; 6-10, more than two joints involved; 1-5, two joints involved and 0, no signs of arthritis.
Measurement of tumor necrosis factor (TNF)-α, interleukin (IL)-1β and IL-6.
Following the 5-day treatment, blood was collected to evaluate the TNF-α, IL-1β and IL-6 levels with the corresponding enzyme-linked immunosorbent assay kits according to the manufacturer's instructions (R&D Systems, Minneapolis, MN, USA).
Measurement of nitric oxide (NO) and prostaglandin E2 (PGE2).
Following treatment with taraxasterol, mice were sacrificed using cervical vertebra luxation under anesthesia. For the measurement of NO, tissue samples were mixed with Griess reagent and 100 µl bronchoalveolar lavage fluid, and then were incubated for 10 min at room temperature. The optical density at 540 nm was then measured using a Synergy2 microplate reader (BioTek, Winooski, VT, USA), and the NO level determined by comparison with a standard curve. The PGE2 level was measured using a commercial enzyme immunoassay, with a prostaglandin E metabolite kit (Cayman Chemical, Ann Arbor, MI, USA).
Western blot analysis of cyclooxygenase-2 (COX-2) and nuclear factor (NF)-κB.
Following the 5-day treatment, paw tissue samples were harvested and frozen in liquid nitrogen immediately prior to homogenization. Protein concentrations were determined using a bicinchoninic acid assay kit (BestBio, Shanghai, China). Equal amounts of protein (50 mg) were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and subsequently transferred onto a polyvinylidene difluoride (PVDF) membrane (Bio-Rad Laboratories, Inc., Munich, Germany). The PVDF membrane was blocked with 5% skimmed milk in Tris-buffered saline and Tween 20 (TBST) on a shaker for 2 h at room temperature. The membrane was then incubated with anti-COX-2 (cat. no. sc-514489, 1:1,000; Santa Cruz Biotechnology, Inc., Dallas, TX, USA), anti-NF-κB (cat. no. sc-8008; 1:1,000; American Diagnostica Inc., Stamford, CT, USA) and anti-β-actin (cat. no. sc-130300; 1:1,000; Santa Cruz Biotechnology, Inc.) primary antibodies. After washing the membrane three times with TBST, the membrane was incubated with secondary antibody (cat. no. sc-2005; 1:5,000; Santa Cruz Biotechnology, Inc.) for 2 h on the shaker at room temperature. The membrane was then incubated with chemiluminescence reagent (ECL Plus Western Blotting Detection system; GE Healthcare Life Sciences, Chalfont, UK). The relative quantity of the protein was measured using AlphaEase FC (FluorChem FC2) software (Cell Biosciences Inc., Santa Clara, CA, USA).
Statistical analysis. Data are expressed as the mean ± standard error of the mean. Differences between the mean values of normally distributed data were analyzed using one-way analysis of variance (Dunnett's t-test) and two-tailed Student's t-test. P<0.05 was used to indicate a statistically significant difference.
Results
Protective effect of taraxasterol against pain in the rheumatoid arthritis mouse model. The protective effect of taraxasterol against pain thresholds in the rheumatoid arthritis mouse model was assessed using an electronic pressure pain detector. As shown in Fig. 2 , the pain thresholds in the control group were very similar to those of the taraxasterol only group (P>0.05) during the entire experiment. By contrast, pain thresholds of the animals in the rheumatoid arthritis group were lower compared with those of the control and taraxasterol only groups after modeling and following treatment for 5 days (Fig. 2) . Furthermore, pain thresholds were noticeably increased by treatment with taraxasterol for 5 days in comparison with the rheumatoid arthritis group (Fig. 2) .
Protective effect of taraxasterol against clinical arthritis in the rheumatoid arthritis mouse model. The protective effect of taraxasterol in the rheumatoid arthritis mouse model was evaluated using the clinical arthritic score. As shown in Fig. 3 , there was no significant difference in the clinical arthritic score between the control and the taraxasterol only groups (P>0.05). By contrast, rheumatoid arthritis markedly increased the clinical arthritic scores compared with those in the control and taraxasterol only groups (Fig. 3) . However, the clinical arthritic score of mice in the rheumatoid arthritis + taraxasterol group was markedly suppressed in comparison with that of the rheumatoid arthritis group (Fig. 3) .
Protective effect of taraxasterol against TNF-α, IL-1β and IL-6 in the rheumatoid arthritis mouse model. To investigate the protective effect of taraxasterol against inflammation in mice with rheumatoid arthritis, TNF-α, IL-1β and IL-6 levels were measured. As shown in Fig. 4 , there was no significant difference in the levels of TNF-α, IL-1β and IL-6 between the control and taraxasterol only group (P>0.05). However, the levels of these inflammatory factors were effectively increased in mice with rheumatoid arthritis compared with the control and taraxasterol only groups (Fig. 4) . Furthermore, treatment with taraxasterol decreased the levels of TNF-α, IL-1β and IL-6 in mice with rheumatoid arthritis, when compared with the rheumatoid arthritis group (Fig. 4) .
Protective effect of taraxasterol against NO generation in the rheumatoid arthritis mouse model. NO generation was measured to investigate the protective effect of taraxasterol against NO damage in rheumatoid arthritis model mice. As shown in Fig. 5 , no significant inter-group difference was identified between the control and taraxasterol only group for NO generation (P>0.05). However, there was a significant increase in NO generation in the mice with rheumatoid arthritis compared with the control and taraxasterol only groups (Fig. 5) . However, treatment with taraxasterol attenuated the increase in NO generation in mice with rheumatoid arthritis compared with that in the rheumatoid arthritis group (Fig. 5) .
Protective effect of taraxasterol against COX-2 in the rheumatoid arthritis mouse model. In order to define the protective effect of taraxasterol against COX-2 in a rheumatoid arthritis mouse model, COX-2 protein expression levels were examined using western blot analysis. The expression level of COX-2 demonstrated no significant difference between the control and taraxasterol only groups (P>0.05; Fig. 6 ). However, rheumatoid arthritis noticeably induced the expression of COX-2 protein compared with COX-2 expression levels in the control and taraxasterol only groups (Fig. 6) . However, taraxasterol significantly attenuated the change in COX-2 level induced by rheumatoid arthritis (Fig. 6 ).
Protective effect of taraxasterol against PGE2 in the rheumatoid arthritis mouse model. In order to explore the inhibitory effect of taraxasterol against PGE2 in the rheumatoid arthritis mouse model, the PGE2 level was estimated in the present study. No significant difference was observed in the PGE2 level between the control and taraxasterol only groups (P>0.05; Fig. 7) . The PGE2 level of the rheumatoid arthritis group was higher compared with those of the control or taraxasterol only groups ( Fig. 7) . However, administration of taraxasterol significantly reduced the PGE2 level in the rheumatoid arthritis mouse model compared with that in the rheumatoid arthritis group (Fig. 7) .
Protective effect of taraxasterol against NF-κB in the rheumatoid arthritis mouse model. In order to explore the protective effect of taraxasterol against NF-κB in the rheumatoid arthritis mouse model, the protein expression level of NF-κB was measured using western blot analysis. The results of the western blot assay revealed that the protein expression level of NF-κB in the control group was very similar to that in the taraxasterol only group (P>0.05; Fig. 8 ). As shown in Fig. 8 , the protein expression of NF-κB was significantly increased in the rheumatoid arthritis group compared with the control and taraxasterol only groups (Fig. 8) . Furthermore, treatment with taraxasterol significantly decreased the protein expression level of NF-κB in rheumatoid arthritis model mice compared with that in the rheumatoid arthritis group (Fig. 8 ).
Discussion
Rheumatoid arthritis is an inflammatory autoimmune disease that involves joints throughout the body. Approximately 1% of the world's population suffers from this disease, and the morbidity for females is 2-fold higher than that of males (8) .
Rheumatoid arthritis is distinguished by chronic synovitis of 
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joints and is known to have the following pathological characteristics: Auto-antibody production, synovial cell hyperplasia, inflammatory cell infiltration (such as neutrophile granulocytes and macrophages), pannus production and destruction of bones and cartilage, which finally lead to the destruction and lack of function of a whole joint (9) . According to official statistics, rheumatoid arthritis is an important cause of productivity loss and extremity disability in China, with a morbidity rate of 0.32-0.36% (10) . The pathogenesis of rheumatoid arthritis has not been fully elucidated by previous researchers; however, it may be associated with factors including heredity, immunoregulation and the environment (11) (12) (13) . The present study demonstrated that treatment with taraxasterol significantly increased pain thresholds and inhibited the clinical arthritic scores of mice with rheumatoid arthritis. In a previous study, Zhang et al reported that treatment with taraxasterol protected against LPS-induced endotoxic shock in mice (14) . In addition, it appears that taraxasterol may be a useful agent for treating rheumatoid arthritis.
Inflammatory cell infiltration in the joint synovium is one of the key characteristics of rheumatoid arthritis. The infiltrated cells include macrophages, T cells, B cells, dendritic cells and neutrophile granulocytes (15) . At the same time, hyperplastic synovial cells invade the cartilago articularis. The aforementioned cells secrete proinflammatory factors and matrix metalloproteinases (MMPs), which can induce aggravation of inflammation and result in the destruction of synovia, cartilage and bones (16) . Macrophages around the joint synovium are transformed from mononuclear cells in blood, the process of which is guided by chemotactic factors. Once macrophages become activated, they secrete a mass of inflammatory mediators (including IL-1α, IL-1β, IL-6, IL-10, IL-15, IL-17, TNF-α and granulocyte-macrophage colony-stimulating factor), proinflammatory factors, growth factors, chemotactic factors and MMPs (17) . All these factors can cause increased inflammation and play a main role in injury of the synovium and joints (18) . In the present study, it was identified that treatment with taraxasterol significantly suppressed TNF-α, IL-1β, and IL-6 levels and the protein expression of NF-κB in mice with rheumatoid arthritis. Zhang et al reported that the effects of taraxasterol protect LPS-treated RAW 264.7 macrophages through suppression of the inflammatory response (19) . Piao et al demonstrated that taraxasterol protects human osteoarthritic chondrocytes by inhibition of IL-1β-induced inflammatory response (6) . Therefore, the anti-inflammatory effect of taraxasterol may have potential in preventing rheumatoid arthritis.
Activated inducible nitric oxide synthase (iNOS), an important inflammatory mediator, can produce a large quantity of NO that inhibits DNA synthesis, induces cell apoptosis and causes cytotoxic effects by restraining the Kreb's cycle (20) . PGE2 is another inflammatory mediator, trace amounts of which can lead to intense inflammation; therefore, PGE2 is important in physiological and pathological processes (21) . PGE2 is generated by continuous enzymatic reactions as follows: Arachidonic acid is released from the membrane phospholipid by catalysis of phospholipase A2, prostaglandin H2 (PGH2) is generated from arachidonic acid by catalysis with COX and finally PGE2 is created from PGH2 by catalysis with prostaglandin E synthase (PGES) (22) . The expression of membrane-bound PGES-1 and COX-2 and the production of PGE2 are increased by inflammatory factors. COX-2 is an important enzyme in the development of inflammation; its expression levels are low under normal conditions, but are increased strongly in the presence of LPS (23) . According to a previous study, the severity of rheumatoid arthritis can be reduced in a dose-dependent manner by suppressing the expression of NOS, COX-2 and PGE2 (24) . In the present study, NO, PGE2 and COX-2 protein expression levels were significantly reduced by treatment with taraxasterol in a mouse model of rheumatoid arthritis. Furthermore, Xiong et al indicated that taraxasterol treatment weakens LPS-induced effects on RAW 264.7 macrophages and reduces iNOS and COX-2 expression (25) . In addition, Piao et al revealed that taraxasterol suppresses PGE2 and NO production in human osteoarthritic chondrocytes (6) . The effect of taraxasterol against iNOS, COX-2 and PGE2 pathways may support its consideration as a potential agent for the treatment of rheumatoid arthritis.
In conclusion, the present study revealed a protective effect of taraxasterol against rheumatoid arthritis, which is mediated 
by the modulation of inflammatory responses and the iNOS, COX-2 and PGE2 pathways in mice. These results suggest that taraxasterol may be a potential protective agent against rheumatoid arthritis.
